Introduction
Roads constitute the main element of the land infrastructure prerequisite to conducting any business. They ensure the connection between individual households and the land they use. They also contribute to the spatial arrangement of land. The specifi c properties of transport network include: width, density, quality (type of paving) and a vertical profi le. These features generally aff ect the use of the owned land. The distribution of road networks infl uences the spatial arrangement of fi elds belonging to a given household.
When analysing the road network according to the current spatial and technical condition, the following parameters are taken into account:
-width, length, and the type of road surface, -the number of plots of land (together with their surface area) serviced by a given road -road density index.
The above parameters enable the assessment of the condition of roads. Where the assessment is too low it will be necessary to correct road parameters in order to adjust them to transport requirements.
Rules regulating the proper transformation of road networks supporting agricultural transport are based on a number of requirements:
-ensuring the access to every plot or any area of cultivated land and connecting it to the household of residence; -increasing or decreasing road network density; -reduction of transport work by providing every plot with an access road, which should be as long as possible and adjacent to at least two sides of the plot;
-extension of roads and the removal of such diffi culties as: road curves or bends; also designing passing bays for farm machinery to pass one another without collision; -improving the quality of selected roads by their partial or full paving; -adapting the road network to the terrain structure and the installation of irrigation and drainage systems thus limiting the destruction of soil [14] .
At the beginning of the 1990s the commune of Błażowa began the process of land consolidation. The village of Piątkowa was the fi rst locality in the commune to be subject to the land consolidation. This process lasted from 1990 to 1995 and it was related to the construction and modernisation of the road network.
The Description of the Examined Locality
The village is located in the commune of Błażowa in the Rzeszów Poviat, 29.2 km south of Rzeszów (Fig. 1) . The village surface area is irregular. It has diff erentiated altitudes of hill ridges, varied slope gradients as well as diversifi ed landforms: slopes, ditches, landslides, summit planations, and valleys [13] .
The Structure of Land Ownership and Use
The analysis of the land ownership structure shows that plots owned by natural persons (individuals) dominate in the village of Piątkowa, covering 824.68 ha (79.9%). An insignifi cant percentage share is taken by co-operative land, which is 0.02 ha. Plots belonging to the Treasury excluding those leased out for perpetual usufruct cover the surface of 140.71 ha (13.6%) and are owned by the State Forests National Forest Holding and Agricultural Property Agency. Plots owned by communes and unions of communes, except for plots leased out for perpetual usufruct, cover 55.79 ha which equals 5.4% of the village surface area. The land owned by churches and poviats covers the area of 3.18 ha (0.3%) and 8.34 ha (0.8%) respectively, of the village surface area.
The structure of land use is dominated by cultivated land (59.1%) with 44.0% of the total surface of land covered by arable land. The smallest area is taken up by land underneath ponds and ditches. Forests together with wooded and bushy areas cover the surface of 34.2% with 27.8% taken up by forests and the remaining 6.4% by wooded and bushy areas. The built-up and urbanized land covers 6.3% with the greatest percentage share taken up by transport infrastructure -5.4%. The land under surface running waters constitutes 0.4% of the total surface. The type of land use depends on the terrain and climate conditions. Built-up areas come in clusters, which are distributed mainly along supralocal roads. The development of industry and urbanization resulted in the migration of people from the countryside to towns. Therefore, numerous farm households were left without heirs and then granted to the Treasury. These areas were mainly subject to aff orestation. Favourable climatic conditions and relatively fertile soil were conducive to agricultural production, which provided source of income to many farmers mainly in the 1980s.
Land Fragmentation
The fragmentation of land signifi cantly impedes all activities related to soil cultivation, reduces the eff ectiveness of production, increases environmental degradation as well as obstructs or prevents the use of modern agricultural machinery [6] . The fragmentation of land has to do with a large number of plots belonging to one owner and the decrease in their average surface area. As a result, the cost of land cultivation increases leading to the decrease in the cost eff ectiveness of agricultural production [1] .
The fragmentation of land is typical of the Podkarpackie voivodship. Plots are small and irregular. The studies on land fragmentation in Podkarpackie voivodeship confi rm this fact to a certain degree. The plots belonging to individual farm households were analysed in terms of the surface area they occupied and the results of the study revealed a very intense fragmentation of land [3] [4] [5] 7] and dispersion of land [6, 8, 10] . This problem also applies to land provinces Polish central [9, 11] and eastern Polish [12] .
Using the data from the Land and Property Register, an analysis of the land fragmentation for individually owned land in the village of Piątkowa was carried out (Tab. 1). The largest group consists of parcels up to 0.10 ha. It includes 669 plots with a total surface area of 37.26 ha. The second group is composed of 464 plots covering 69.0 ha. There are 298 and 218 plots in the third and the fourth group, respectively, with the area of 76.79 and 75.30 ha. The fi fth group includes 194 plots covering the surface of 87.22 ha. The distribution of plots in the groups mentioned above revealed the decline in the number of plots together with the increase in the range, therefore, a decision was made to increase the spatial range from 0.51 to 1.00 ha. The number of plots in this group is 415 with a total surface area of 285.24 ha. The last group consists of plots exceeding 1.01 ha and they make a total of 117 plots.
The average surface area of a parcel is 0.35 ha, which is relatively small, but one should take into account the fact that plots are located in foothill areas, which, to some extent, prevents the delineation of large plots. The value of the average plot surface is lowered by a large number of plots with the area of up to 0.10 ha, which are mainly covered by forests. The spatial layout of land fragmentation is illustrated in Figure 2 .
The Analysis of the Network of Roads Providing Direct Access to Fields
The communication system plays a particularly important role in the proper functioning of farm households. The correct location of roads which are part of the internal infrastructure used by agricultural transport should ensure a direct access to each separate part of cultivated land as well as provide the connection to residential households [2] .
The village of Piątkowa has a road network consisting of 247 roads with 5.08 ha of poviat roads (6 roads) and 50.96 ha of communal roads, which in their entirety or in part are used for purposes related to farming. The only exception is road no. 944 (0.06 ha), which provides access to the cemetery. The total area of all roads is 56.1 ha, which equals 5.4% of the surface of the investigated village. Roads providing direct access to fi elds are composed of 240 parcels-roads. Their total length is 77,268.7 m, with 59,077.4 m used in in full, which equals 76.5% of their total length. 15,537.9 m are used periodically and they represent 20.1% of the total length of these roads. The roads which are not used at all measure 2,654.1 m, which is 3.4% of the total length.
The research carried out reveals that roads used in agricultural transport service the area of 830.52 ha, which represents 80.4% of the total surface area of the village. In total, these are 1,751 plots, assuming that one plot is serviced by one road. This assumption was adopted because some parcels border more than one road, and as a result the total area of land serviced by these roads would signifi cantly exceed the surface of the village. The number of plots without access to any road has increased and so did the surface area. According to the data obtained from the Land and Property Register, the number was 701, however upon inspection, the number has increased to 736 plots, with the total area of 114.5 ha, which makes up 11.1% of the village surface area.
Roads used in agricultural transport do not service all plots, including those situated along the main road. This road (a fragment of poviat road no. 615) services 118 plots with the total surface area of 26.98 ha, which is 2.6% of the total surface area of the village.
Some plots situated along the village border are serviced by roads belonging to neighbouring localities. They are 13 with a total surface area of 4.62 ha (0.4% of the total area). The spatial layout of the road network in the village of Piątkowa is illustrated in Figure 3 .
As for the technical condition of roads in the village of Piątkowa, there are roads with paved or unpaved surface. Paved roads make up 2,5474.4 m which equals 33.0% of their total length. These are mainly roads leading from residential households and accessing cultivated fi elds which are used in their entirety. As an example of such a road one can consider road no. 2027, which is covered with asphalt for 275.2 m, while the rest of it, i.e. 1269.8 m, is covered with menilite slate. A similar situation is true in the case of road no. 570, which is covered with asphalt until the last building structure situated by the road (167.6 m), while its remaining fragment, which measures 1596.7 m, is paved with gravel.
Where necessary, agricultural roads are paved and modernised through the construction of drains and culverts. In 2012, the following roads were modernised: road no. 508, no. 507, no. 503 and no. 2590 and then, one year later, road no. 466 and a part of road no. 422. Road no. 2083 was partly modernised in 2014. Unpaved roads measure 51,827.2 m, which equals 67.0% of the total length or roads. These are unpaved roads but they ensure unobstructed access to fi elds.
A detailed analysis of roads revealed the presence of roads which are no longer in use. These roads are of no particular importance as is in the case of road no. 391. In the place where one may expect a road, there is a steep slope and the neighbouring plots are bushy and covered with shrubs.
The analysis of roads providing a direct access to fi elds was aimed not only at assessing them in terms of length, width or technical condition, but also at estimating the number of plots a given road is able to service and determining the road density index (Tab. 2). The obtained data indicate that roads service a signifi cantly varied number of plots, on average from 2 plots from the fi rst group, which consists of 147 roads (61% of all roads in agricultural transport), up to 50 plots from the last group.
The fi nal step of the analysis was to determine the road density index (G d ), which is defi ned as the ratio of the length of roads expressed in meters (l d ) and the size of road-serviced areas expressed in hectares (P):
The length of all roads used in agricultural transport in the investigated village is 77,268.7 m, including 2,654.1 m of roads which are no longer in use. When deducting these values one will obtain the actual length of roads used in agriculture, which is 74,614.6 m. The result obtained and the surface of the serviced area (830.5 ha) are inserted in the formula:
7, 4614.6 m 89.8 m/ha 830.5 ha
The obtained road density index shows that 89.9 m of roads account for the area of 1.0 ha. According to Hopfer, the optimal value of road density index should amount to 21.5 m/ha. The index exceeded the optimum value 4 times, which means that the network of roads is very dense. The value of the index depends to a large extent on the terrain structure, and also on the structure of the cultivated land, the ownership structure and the infrastructure of the area [14] .
Summary and Conclusions
Based on the studies carried out, the following conclusions were achieved: 1. The largest share in the ownership structure belongs to natural persons. Depending on the size of the area owned (larger than 1 ha of cultivated land), the Agency for Restructuring and Modernisation of Agriculture shall pay due payments to farmers, the so-called direct payments. This is supposed to serve as an encouragement to carry out agricultural business, thanks to which the land will retain its fertility and the number of wastelands will decrease. 2. The analysis of the individually-owned land shows a high degree of fragmentation, although the 1990s saw processes aimed at land consolidation.
The situation is to a certain degree the result of the terrain structure, which makes it diffi cult to delineate large plots. The smallest plots (up to 0.10 ha) are mainly forests, which were not taken into account during the consolidation.
3. The structure of land use indicates the largest share of cultivated land, which is closely linked to the ownership structure. The manner of land use depends on the terrain structure and climate conditions. 4. The analysis of the network of roads servicing fi elds revealed its high density. According to the literature, the value of the road density index is aff ected by the aspects mentioned and presented above. Also, taking into account the consolidating processes completed in 1995, on the assumption that they were executed correctly, high density of roads as well as the problem of land fragmentation mentioned above could be related, to a large extent, to the structure of the terrain.
The existing condition of agricultural roads in the village of Piątkowa may be described as good. Despite the fact that a large number of roads is not paved, they are fully passable. In addition to this, an on-site survey did not reveal any damaged roads, because they are modernised as often as it is needed and fi nancially feasible.
